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Abstract: We report on fabrication of three dimensional (3D) microstructures in glass with 
isotropic spatial resolutions. To achieve high throughput fabrication, we expand the focal spot 
size with a low-numerical-aperture lens, which naturally results in a degraded axial resolution. 
We solve the problem with simultaneous spatial temporal focusing which leads to an isotropic 
laser-affected volume with a spatial resolution of ~100 m.  
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1. Introduction 
Femtosecond laser provides a unique tool for processing inside transparent materials [1-2]. 
The enabling approach is three dimensional (3D) femtosecond laser direct writing (FLDW) 
which is conducted by scanning tightly focused spots in various transparent materials 
including glass, crystals, polymers, bio-tissues, etc to produce arbitrary 3D structures [3-9]. 
Interaction of the focused femtosecond laser pulses with transparent materials leads to 
modifications of the materials properties ranging from optical refractive index, density, and 
Young’s module to compositional distribution and chemical stability. Importantly, the 
space-selective modifications enabled by the 3D FLDW provides a spatial resolution 
comparable to or even exceed that allowed by diffraction limit, thanks to the nonlinear 
dependence of the modifications in materials on the peak intensity of the femtosecond laser 
pulses as well as the suppressed thermal diffusion with the ultrashort pulse durations [10,11]. 
Therefore, 3D FLDW offers very high spatial resolution to construct fine 3D structures 
through two-photon polymerization or internal processing of glasses or crystals. 
One of the challenging issues in 3D FLDW is its relatively low throughput as compared to 
the conventional photolithography, because it relies on scan of the tiny focal spots produced 
by high numerical aperture (NA) objective lenses. For some 3D processing applications such 
as building mechanical molds, high throughput is highly in demand to bring down the 
fabrication cost at a reasonably sacrificed spatial resolution. However, if one attempts to 
accomplish this merely by using focal lenses of low NAs, the focal spot will become highly 
asymmetric, as the focal depth increases quadratically with the increasing NA, whereas the 
transverse size of the focal spot only increases linearly with the increasing NA [12]. This 
causes a severe issue in achieving high throughput 3D FLDW which is in favor of using 
low-NA focal lenses whereas maintaining a nearly isotropic resolution in the modification by 
the focused femtosecond laser pulses. 
In this work, we attempt to overcome the above-mentioned problem with a simultaneous 
spatial temporal focusing (SSTF) scheme [13-15]. The working mechanism of SSTF is to first 
spatially chirp the incident pulse before the focal lens, forming an array of beamlets at 
different frequencies. This leads to the elongation of the pulse duration due to the reduction of 
the bandwidth of each beamlet. After passing through the focal lens, all of the beamlets will 
be recombined at the focal plane, where the original broadband spectrum of the incident 
femtosecond pulse is restored to give rise to the shortest pulses. In such a manner, the peak 
intensity of the spatiotemporally focused pulses is strongly localized near the geometrical 
focus, i.e., the longitudinal resolution is improved in the interaction of the spatiotemporally 
focused pulses with transparent materials. In the first implementation of the SSTF scheme in 
3D FLDW, F. He et al has demonstrated an isotropic fabrication resolution of a few micron 
using an objective lens of NA=0.46 [13]. In the current work, we demonstrate high 
throughput FLDW of complex 3D structures in glass with an isotropic resolution of ~100 m. 
Although our 3D structure is produced in glass, this technique can generally be extended to 
3D processing of other types of materials such as two-photon polymerization or ablation of 
bio-tissue. 
2. Experimental 
The glass material used in the experiment is a well
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4. Conclusion 
To conclude, we have shown the potential 
femtosecond laser fabrication. The voxel size achieved in our experimenta
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produced by a high NA objective lens.
fabrication efficiency. It is flexible to
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